Sixty-four patients undergoing oesophageal surgery were randomly allocated to receive either a continuous lumbar epidural infusion of morphine or fentanyl, or, intramuscular morphine for postoperative analgesia. There was no statistical difference in analgesic requirements between the patients who underwent a thoracotomy for their procedure (n = 50) and those who did not (n = 14), as assessed by the total dose of opioid administered, visual analogue scale (VAS) and pain score (PS) comparison. However, by these criteria, epidural morphine infusion provided the most satisfactory analgesia (P < 0.05). Despite the variable quality of analgesia achieved with the three regimens, the postoperative lung function tests were similar for all groups, and we conclude that routine lung function tests are not an appropriate method of comparing analgesic efficacy. Prophylactic administration of loratadine to 15% of our patients was not shown to be effective in diminishing the incidence of pruritus.
The surgical treatment for carcinoma of the oesophagus may require either a thoracic incision plus a midline abdominal incision, or a single abdominal incision plus a cervical incision. l ,2 In both these groups of patients, postoperative pulmonary complications are the leading cause of thirty-day mortality.2-4 Adequate postoperative analgesia diminishes the perturbation of pulmonary mechanics associated with surgery, allowing the patient to generate an effective cough and decrease the incidence of chest complications. 5 -8 Epidural opioids are now employed for the relief of a wide variety of postoperative pain. 9 A comparison of opioids and techniques of administration for patients undergoing both thoracotomy and laparotomy has not previously been reported. Following a pilot study designed to determine the approximate epidural analgesic dose requirements for patients undergoing surgery for carcinoma of the oesophagus, the analgesic efficacy and effect on pulmonary function measurements of continuous epidural infusions of morphine or fentanyl was compared with conventional intramuscular morphine analgesia.
METHODS AND MATERIALS
The study was approved by the Ethics Committee of the Hospital Services Department of the Hong Kong Government. Informed consent was obtained from all patients during the preoperative visit.
Sixty-four consecutive patients scheduled for either oesophagectomy or a palliative bypass operation were induded in the study. Patients undergoing thoracotomy and laparotomy were randomly allocated to receive either epidural morphine (Group M), epidural fentanyl (Group F) or intramuscular morphine (Group IM). Patients undergoing a transhiatal oesophagectomy or palliative bypass procedure via a laparotomy, in which the chest was not opened, were given epidural morphine (Group CM). Three patients initially scheduled for a Lewis-Tanner oesophagectomy were given epidural fentanyl soon after induction, but intraoperatively, for surgical reasons, an alternative procedure was performed which did not require thoracotomy (Group CF).
All patients were premedicated with pethidine 1.0 mg/kg and atropine 0.012 mg/kg intramuscularly one hour before transfer to the operating suite. Those patients allocated to receive epidural anaesthesia had an epidural catheter inserted via the lumbar 2/3 interspace, immediately prior to induction of general anaesthesia. The Catheter Advancement Test lO was performed to confirm catheter placement in the epidural space and the catheter was then withdrawn leaving 5 cm in the epidural space, and a bacterial filter was connected proximally.
General anaesthesia was induced intravenously with fentanyl 2 mcg/kg, thiopentone 4 mg/kg, suxamethonium 1.5 mg/kg and 1 to 2 mg/kg lignocaine 10% was used to spray the larynx. The patient was then intubated and mechanically ventilated. Muscle relaxation was sustained by an intravenous bolus of atracurium 0.6 mg/kg, followed by a continuous infusion which allowed a single twitch response in a train-of-four stimulatory pattern. Anaesthesia was maintained with isoflurane up to 2% in nitrous oxide and oxygen, supplemented by an epidural opioid infusion in all patients except Group IM who received intravenous boluses offentanyl to a maximum dose of 4 mcg/kg.
Continuous patient monitoring included intraarterial blood pressure (IABP) via the radial artery, central venous pressure (CVP) via a catheter inserted in the antecubital fossa, electrocardiogram (ECG), pulse oximetry (Sp02) end-tidal carbon dioxide, (ETc02), airway pressure and nasopharyngeal temperature.
Immediately prior to the commencement of surgery an epidural bolus of the chosen opioid was administered followed by a continuous epidural infusion of the opioid as recommended by Chrubasik and colleagues. 1 1 Groups M and CM received preservative-free morphine 100 mcg/kg in 10 ml normal saline, followed by morphine 8 mcg/ kg/hour diluted in normal saline and infused at 5 ml/hour. Group F and Group CF received fentanyl 1.0 mcg/kg diluted in 10 ml normal saline followed by an infusion of 0.8 mcg/kg/hour, again diluted in normal saline and infused at 5 ml/hr. At the completion of surgery, muscle relaxation was reversed and the patient extubated. Patients in Group IM received morphine 0.15 mg/kg intramuscularly four-hourly as requested, or otherwise six-hourly administrations as directed.
All patients in this study were admitted to the intensive care unit (ICD) postoperatively and the following parameters were monitored: Haemodynamicintra-arterial blood pressure (IABP), electrocardiogram (ECG), central venous pressure (CVP) and urine output:
Respiratoryhalf-hourly respiratory rate and lung function tests daily (forced vital capacity [FVC], forced expiratory volume in the first second [FEV 10]' peak expiratory flow rate [PEFR] using a portable spirometer (Pocket Monitor), and peak inspiratory flow rate [PIFR] (Triflo incentive spirometer). Blood oxygen saturation was monitored by pulse oximetry (Sp02), if an instrument was available. Arterial blood gas analysis was performed six-hourly and additional samples were aspirated in the event of hypotension (systolic arterial pressure < 100 mmHg), bradypnoea (respiratory rate < 10 breaths per minute) or arterial desaturation (Sp02 < 90%).
Analgesiarecorded two-hourly when the patient was not sleeping, by both 1. pain score (PS) (modified 'Prince Henry' Pain Scale) 12: o no pain I pain on movement or coughing 11 pain at rest, but patient not requesting additional analgesia III -pain at rest, patient requesting additional analgesia and 2. a visual linear analogue scale (VAS). 13 Sedationthe patients were assessed during daylight hours as being I = orientated, 2 = drowsy but rousable, 3 = unconscious, unrousable. If the patient in epidural groups M, F, CM and CF complained of pain, a 5 ml bolus of the corresponding opioid solution was given epidurally followed by a 20% increase in the epidural opioid infusion rate. If the patient was somnolent or pain free, the infusion rate was reduced by 20% at twohourly intervals until the patient complained of pain on coughing (PS = I). The infusion rate was then increased by 20% and maintained at that level. If the patient's respiratory rate decreased to ten breaths per minute or less, the epidural opioid infusion was stopped and an arterial blood gas sample analysed. If the arterial carbon dioxide tension (PaC02) was greater than 7 kPa, naxolone 0.2 mg was administered intravenously and repeated as necessary. The opioid infusion was recommenced at a reduced rate when the patient's PaC02 had fallen to less than 6 kPa. If the Sp02 fell to less than 90% or the P a02 decreased to less than 10 kPa (during periods of high ICD occupancy when insuffient pulse oximeters were available), the Fi02 was appropriately increased to elevate arterial oxygenation. If oxygenation deteriorated despite 60% oxygen administration by mask, the patient was re-intubated and mechanically ventilated.
Pruritus was treated with chlorpheniramine 10 mg intramuscularly. Eleven patients were randomly allocated to receive prophylactic loratadine 10 mg orally at midnight before operation (for epidurally induced pruritus). Nausea or vomiting was treated with intramuscular prochlorperazine 12.5 mg. The epidural catheter was removed at 48 hours and any further analgesia Results are mean (SD) and [range]. Analysis using Student's t test for interval scale data, Chi-square analysis for ordinal scale data and multivariate analysis using MRSP shows no significant differences between the groups (P> 0.05). (*) denotes significantly more ASA class 3 patients in the CM group (P < 0.05). and midline laparotomy approach (Groups M, F, IM), while the remaining fourteen patients had either a transhiatal oesophagectomy or palliative bypass operation not requiring thoracotomy (Groups CM and CF).
RESULTS
Sixty-four patients were included in the study ( Results are mean (SD) and [range]. The mean slowest respiratory rate in the non-thoracotomy patient groups (#) was significantly less than the thoracotomy patient groups (*) (P < 0.05).
Demographic and preoperative data (Table 2) All the groups had comparable demographic data, preoperative lung function tests and arterial blood gas analysis. A significantly higher number of Group CM patients belonged to ASA class 3 (P < 0.05). Chronic smokers constituted 77.1 % of patients and 65.6% consumed alcohol daily. Parenteral nutrition was given to 17.5% of the patients preoperatively because of oesophageal occlusion by tumour and associated malignant cachexia. Opioid dosage and analgesia (Table 3) The mean total dose of epidural morphine administered to patients undergoing thoracotomy plus the abdominal procedure was not statistically different from those patients having a solely abdominal approach. In the thoracotomy group of patients the mean total epidural morphine dose was 24.6 ± 7.2 mg and the mean total epidural fentanyl dose was 2.1 ± 0.7 mg. This represents a morphine to fentanyl dose ratio of 11.7: I. A similar comparison was not made between the non-thoracotomy groups because of the small number of patients in Group CF. The mean total intramuscular morphine dosage was 61.3 ± 9.1 mg in Group IM, which is twice the epidural morphine dose given to groups M and CM (P < 0.05).
Anaesthesia and Intensive Care. Vol. /9. No. 3. August. /99/ The mean VAS in the epidural morphine groups (M and CM) was significantly less than that of the epidural fentanyl groups (F and CF) and the intramuscular morphine group (lM) (P < 0.05).
Comparison of mean pain score (PS) data revealed similar findings to the VAS data above (P < 0.05).
Satisfactory analgesia (PS 0-1) was achieved for 90% of the time during the first 48 hours postoperatively in groups M and CM, compared with 50% and 60% of the same time period in groups IM and F respectively. There were no statistical differences in VAS and PS data between the epidural fentanyl patients and the intramuscular morphine group of patients. Significantly fewer patients in the epidural morphine groups requested additional analgesia supplementation compared with the epidural fentanyl groups (P < 0.05). As expected the duration of analgesia after catheter removal was much longer in the epidural morphine groups when compared to the epidural fentanyl groups (P < 0.05). (Table 4) Six patients were excluded from data analysis because they remained intubated and required mechanical ventilation postoperatively. Three of these patients belonged to Group CM and one patient each belonged to Groups M, F and IM. One other patient in Group F required re-intubation and ventilation 28 hours postoperatively due to sputum retention and hypoxaemia (P a o 2 7.6 kPa, Fj02 0.5 and Pac02 5.1 kPa). The remaining patients demonstrated a marked decrease in FEV 1, FVC, PEFR and PIFR on day 1 and day 2, but there was no statistical difference between the various analgesic regimens.
Postoperative lung function tests
Sedation (Table 5) The mean sedation scores were similar for the five groups. (Table 5) The mean respiratory rates were similar for all groups. The mean slowest recorded respiratory rate was significantly lower in the non-thoracotomy group (P < 0.05). Bradypnoea (respiratory rate < 10/minute for two consecutive readings separated by a five-minute interval), occurred in one patient in Group CM whose concurrent PaC02 was 6.7 kPa. The maximum P aco2 measured values were not significantly different between the groups. Three patients receiving epidural morphine (two in Group M and one in Group CM) had a measured Pac02 of greater than 7 kPa during routine blood gas analysis, for which 0.2 mg of naloxone was administered intravenously. The morphine infusion was resumed after four hours when pain recurred in two of these patients. In relation to bradypnoea, multivariate analysis of pre-and postoperative data revealed no predictive relationships. One patient with chronic obstructive airway disease (COAD) with a preoperative PaC02 of 6.4 kPa had a recorded postoperative hypercarbic episode.
Respiratory data
Six out of the 34 patients monitored by pulse oximetry had oxygen desaturation episodes (Sp02 < 90%, Fj02 0.4) and these were evenly distributed throughout the groups. There were no significant differences between the groups mean minimum Sp0 2·
Pruritus and nausea
Six patients complained of pruritus during the first postoperative day: four received epidural morphine and two received epidural fentanyl. Their pruritis was relieved with intramuscular chorpheniramine. One of the eleven patients given prophylactic loratadine developed pruritus. Chisquared analysis demonstrated no significant reduction in pruritus incidence with loratadine administration. Three group M patients and one group IM patient complained of nausea and were treated with intramuscular prochlorperazine. The incidence of urinary retention is unknown as all patients had an indwelling urinary catheter for two days postoperatively.
Mortality
Four patients died within thirty days of surgery. One patient died from aspiration of food during an otherwise uneventful recovery after discharge to the general ward. Another died from respiratory failure due to tumour infiltration of the trachea and a third patient died from cardiac failure resulting from severe mitral regurgitation. The fourth patient died of postoperative pneumonia. These latter two patients remained intubated and mechanically ventilated postoperatively in the intensive care unit.
DISCUSSION
Carcinoma of the oesophagus is the fifth commonest cause of cancer death in male adults in Hong Kong. 16 These patients form a high risk group because of their age, alcohol and smoking habits and poor nutritional status. The surgical treatment is either definitive resection or a palliative bypass operation in an attempt to restore oro-gastric patency. The choice of operation depends solely on surgical operability2 and like Group CF, is occasionally decided intraoperatively. Therefore randomisation of patients into thoracotomy and non-thoracotomy groups in this study was not possible. As Group CF consisted of only three patients it was not considered for statistical analysis.
The commonest cause of postoperative thirtyday mortality is respiratory failure. 1,2 Some centres advocate routine postoperative mechanical ventilation,17 but this increases the complexity of postoperative nursing care, precludes early mobilisation, disrupts pulmonary defence mechanisms and is less comfortable for the patient. 18 For these reasons, most of our post-oesophagectomy patients are extubated immediately after operation and chest physiotherapy is commenced on the first postoperative day. Patient co-operation requires adequate analgesia with minimal somnolence. The analgesic techniques available for treating postthoracotomy pain have recently been reviewed by Conacher. 19 However, patients undergoing oesophagectomy should be considered as a special thoracotomy subset because they require a right thoracotomy together with a midline abdominal incision. Inadequate analgesia or respiratory depression and over-sedation are a constant hazard of systemic opioid administration. Repeated bilateral intercostal blocks are impractical for relieving midline abdominal pain and we are not familiar with using bilateral paravertebral catheters. Epidural administration of local anaesthetic agents provides excellent analgesia without sedation. The thoracic catheter insertion is however technically more demanding than the lumbar technique and the local anaesthetic induced postural hypotension may preclude effective physiotherapy. 10,20 Epidural opioid administration seems to be the analgesic technique of choice in oesophagectomy patients because of its thoraco-abdominal segmental efficacy and low incidence of associated hypotension and somnolence.
A lumbar epidural technique was chosen for postoperative analgesia because of its simplicity, familiarity and the reported effective relief of postthoracotomy pain. 7 ,21.23. The epidural infusion was commenced intraoperatively because of the relatively slow onset of analgesia with epidural opioids. 22 Our initial infusion dose was based on a pilot study and the equipotent epidural morphine and fentanyl dose ratio of 10: 1 reported by Chrubasik and colleagues. 11 , 25 The rate of our postoperative infusion was then titrated according to the patient's pain assessment. We found a resultant morphine:fentanyl total dosage ratio of 11.7: 1.
The patients who underwent a thoracotomy in addition to a laparotomy had no greater opioid requirements when compared with those patients without thoractomy as demonstrated by similar mean VAS and PS in Groups M and CM. Most patients having both a thoracotomy and laparotomy often complained of pain in the epigastrium, rather than thoracotomy wound pain. This may be explained by the extensive retraction of the abdominal wall, the disrupted function of the central tendon of the diaphragm following oesophageal dissection, the bilateral innervation of the abdominal wound and the abdominal pattern of respiration in these patients. Moreover, the thoracic wound is splinted by the adjacent ribs but the bruised, oedematous rectus muscles are not, and the latter are required to stabilise the abdominal wall during any straining.
Morphine was found to be superior to fentanyl in relieving post-oesophagectomy pain when given via the lumbar epidural route. These patients had lower mean VAS, PS, and fewer additional bolus supplements. A further advantage of epidural morphine was the long duration of analgesia after catheter removal at 48 hours. The physical and pharmacokinetic properties of epidurally administered morphine explain its long duration of action and cephalad diffusion. 9 The high lipophilicity of fentanyl and its segmental spread may explain its limited efficacy in relieving the thoraco-abdominal pain in our patients when given via the lumbar epidural route. Lumbar epidural fentanyl would seem to require absorption into the systemic circulation before exerting a thoracic analgesic effect. However, Bell and colleagues reported epidural fentanyl as being effective in relieving post-thoracotomy pain when administered through a lumbar epidural catheter. 21 Our study showed lumbar epidural fentanyl to be no better than intermittent intramuscular morphine for the relief of postoperative pain. This supports the assertion that for effective analgesia, epidural fentanyl needs to be administered at segments appropriate to the surgery.9,24 Any contribution to postoperative analgesia from intraoperative intravenous fentanyl in this study was minimal because of the length of the operative procedure and the relatively short half-life of fentanyl. These results may be biased as intramuscular morphine was administered by the nursing staff, four-hourly at the patient's request.
FEV!> FVC, PEFR decreased by 50 to 73% of preoperative values on postoperative day 1 and 2 which is comparable to other series of patients undergoing thoracotomy6,7 and upper abdominal surgery. 5, 8 The deterioration in lung function tests of patients undergoing laparotomy was not significantly different from the thoracotomy-pluslaparotomy patients. In contrast to other workers, we found that epidural morphine, though providing superior analgesia, did not significantly preserve FVC, FEV 1 or PEFR to any greater degree when compared with the other analgesic regimens. 7 ,8,26 Diaphragmatic dysfunction following surgical manipulation may play a significant role in the derangement of postoperative pulmonary function in patients undergoing oesophageal surgery and consequently routine lung function tests may not be the most appropriate method of assessing analgesic efficacy. Of patients in Group CM undergoing palliative surgery without thoracotomy, 27.3% were electively mechanically ventilated postoperatively, either because of the complexity of their operation or their poor perioperative condition.
Many studies regard a decrease in respiratory rate to less than ten breaths per minute as respiratory depression. 10 ,23 Monitoring of respiratory rate is a simple though insensitive method of monitoring respiratory depression. 27 One patient in this series had an episode of bradypnoea with a simultaneous PaC02 of6.7 kPa. Naloxone was not given because the bradypnoea was transient and the patient was otherwise well. Routine six-hourly blood gas analysis revealed, in three patients, a PaC02 greater than 7 kPa which was not associated with bradypnoea. Following a single dose of naloxone 0.2 mg intravenously, the P aco2 returned to the normal range and the patients remained pain free. 28 Multivariate analysis of these patients did not reveal any predictive data. Our incidence of postoperative hypercarbia is higher than other studies,22,28,29 though this may be explained by the relatively higher dose of morphine given to oesophagectomy patients and their frailty.
Pruritus occurred in 13.7% of patients receiving morphine and 10% receiving fentanyl. This was relieved by chlorpheniramine. Antihistamines have been shown to be effective in relieving epidural opioid induced pruritus without antianalgesic effect and were chosen in preference to naloxone. 7 ,30,31 Prophylactic preoperative administration of loratadine, a long-acting selective peripheral HI-receptor antagonist, did not decrease the incidence of pruritus, though the study population was small.
In conclusion, a continuous infusion of lumbar epidural morphine is effective in relieving postoesophagectomy pain and is superior to lumbar epidural fentanyl infusion and intramuscular morphine. However, close respiratory monitoring is mandatory when using epidural morphine in this manner. 32 -34 All the studied regimens demonstrated an equal deterioration in respiratory function following surgery.
